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This  monograph  focuses  on  the  top  two  priorities:  bounding  the  design  space  and  documenting  the 
design  sensitivity  to  perturbations  of  the  primary  design  variables. 
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Addition  Design  Data  Required 
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Hydrofoil  Design  Space  -  Sustention  Triangle 

General  Theory  of  Static  Lift  Payload  Performance 
-  Understand  how  to 

trade  hydrodynamic  H  '^  JC-un powered  lift  static 


h- 
O  1^ 
S 

z 


<D 

DC 


o 

O  4= 

o  o 

o  3 


0) 


o  O 
© 

©  © 
o  ” 

’S  ^ 

o  -O 

®  XI  ■- 
£  ©  3 

O)  Q. 
£  ^  o 

O)  ©  ^ 

3  £  ^ 

P  U  "O 

^  3  C 
©  © 


c 

o 

w 


©  c 

1  -2 

o  (0 

.E  I  © 

•I  Si  I 

s  I  I 

® 'I  ^ 

1 1  a 


‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-0010 


Hydrofoil  Sustention  System  Design  Space  Defined 
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Hydrofoil  Sustention  System  Design  Space  Defined 
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and  is  related  to  Wing  Loading/Aspect  Ratio 
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and  is  related  to  Wing  Loading/Aspect  Ratio... 

Wing  Size  and  Aspect  - 

Ratio  as  function  of  m\iN  wing  area  (square  feed 
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UD  and  von  K  Efficiency  Estimates 
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L/D  and  von  K  Efficiency  Estimates 
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Optimum  Size 

The  optimum  sized  ship  was  a  key  consideration  with  respect  to  the  constraints  of  the  study. 
Operationally,  the  hydrofoil  ship  behave  like  a  transport  aircraft.  As  fuel  is  burned  off,  the  required  lift 
decreases,  and  the  integration  of  fuel  burned  over  the  mission  becomes  the  Breuget  integral. 
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Optimum  Size 

First-Principles”  Sizing  Exercise  shows  existence  of  “Optimum”  Ship  Size 

-  Fixed  Weight  Fraction  (FWF)  is  an  Independent  Variable 

-  Increasing  ship  size  leads  to  :  declining  1_/D  and  increasing  TSFC  (for  air  coupled  propellers). 

-  Payload  fraction  declines.  Absolute  Payload  reaches  peak  at  intermediate  vehicle  size. 
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Optimum  Size  (cont’d) 

First-Principles”  Sizing  Exercise  shows  existence  of  “Optimum”  Ship  Size 

-  Compare  representative  design  from  paper  with  “Theoretical  Limit”  design  {k2-\%,  t/c=^%,  FWF=50%) 
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Hydrofoil  Structural  Sizing  Results 

Range  Vs.  Number  of  Struts  and  Wino  Span 

P70/40/2.0H35,  4600  ft^,  1750  psf  P70/50/2.0H40,  3265  ft^,  2450  psf  P70/55/2.0H45,  2666  ft^,  3000  psf 


Maximum  theoretical  zero-payload  range  =  6767  nautical  miles  (FWF  =  45%) 
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Hydrofoil  SWBS  -  CSC-based  Assessment 
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4KT  Hydrofoil  Take-Off  Thrust  Requirement 

Recall  that  Dimensional  Drag  sizes  Powerplant 


0 

<D 

-Q 

“co 

LU 

0 

Q_ 

1.  ■  ■ . P  , 


> 

0 

-4— » 

c 

0 

0  Ol 

h» 

£  •£ 

CO 

0  0 

0 

JQ 

0 

^  10 

C 

£  CM 

0 

nzz 

0 

LL 

Q. 

^  to 

O  § 

F  -5= 

Q 


oo2g 

I-  U.  X  Q 


(0 

o  52 

^  Q 
LU 

CO  Q_ 
CO 


Q  ^ 

^  rr< 


I”  Dl 

f^CCSO; 

-iQ^/rtr 
<  t-l^ 

1^  ^  _l  ^ 

0050c’ 

FLi-XQ 


0000000 
Q  xo  000000 

^  000000 

1—0  000000 

000000 

7  CO  LO  ^  CO  <N  ^ 

— ^  (qi)  isfidHi 


0000000 

000000 

000000 

000000 

000000 

CO  LO  CO  CVJ 

(qi)  isnyHi 


‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-0010 


4KT  Hydrofoil  Propulsion  System  Summary 
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4KT  Hydrofoil  Propulsion  System  Summary 
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Hydrofoil  Sizing/Synthesis  Closure 
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Hydrofoil  Payload  Range  Conundrum 

Design  Space  Broadens 

-  Many  different  solutions  provide  similar  range  performance! 

“Best”  and  “Runners  Up”  Dependent  upon  “Goodness  Criterion” 
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Expanded  Design  Space  -  Sustention  Triangle 
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*This  is  to  specific  and  shouid  be  generaiized  to  read: 
dramatic  viscous  draa  reduction  and  the  cavity  huii  approach 


Cavity  Hull  Approach  -  Why? 
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Cavity  Hull  Approach  -  Why? 


Benefit:  One-Half  the  Wetted  Skin  Friction  of  a  Full  Ellipsoid  Buoyant  Body 
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Mixed  Buoyancy  Trade  Study 

Design  Trade 

-  Document  Effect  of  Buoyancy  Fraction 
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Drag  Sources  for  the  Varied  Vessel  Type 
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Hydrodynamic  Efficiency  -  Varied  Designs 

Ship  Lift-to-Drag  Ratio 
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von  Karman  Efficiency  -  4KT,12KT  &  31.5KT  SWATCH 
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A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-0010  FlnaLReport_06/26/02 


Operation  may  be  possible! 


Karman  Efficiency  -  4KT  and  12KT  Hydrofoiis 
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Design  Comparison  -Assessment  in  Tons 
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SWAxCH  vs.  Hydrofoil  Sizing  Comparisons 

Payload  vs.  Range  for  SWATCH  Designs  -  100%K2  (Full  Viscous  Drag) 

P29TA12  Cavity  Bodies,  1.5%  tic  Struts,  w/  Interference  Effects,1.4  JVR  Pumps 


‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-0010 
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50KT  SWATCH  Strut  Sizing  Comparisons 


‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-0010 


50KT  SWATCH  Strut  Sizing  Comparisons 
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50KT SWATCH  Strut  Sizing  Comparisons 
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Thrust  Required  -  50KT  SWATCH  1.5%Struts 

50KT  Ship  Total  Drag  vs  Available  Thrust 
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Thrust  Required  -  50KT  SWATCH  1.5%Struts 

50KT  Ship  Total  Drag  vs  Available  Thrust 
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Hydrodynamic  Efficiency  -  Comparison 
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Hydrodynamic  Efficiency  -  Comparison 
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Sub-Cavitating  vs.  Super-Cavitating  foil 
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Theoretical  Limits  to  Wing  Loading 
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Cavitation  Diagram  of  Foii  P70/55/2.0/B45 
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an  s-shape.  This  is  equivalent  to  introducing  camber  to  the  strut  (see  bottom/middle  picture).  Finally,  as  an  added  benefit,  a 
concave  thickness  deflection  was  also  defined  (see  bottom/right  picture).  This  type  of  concave  strut  section  (“peanut”  shape) 
will  further  slow  down  the  flow  above  the  hydrofoil,  and  increase  the  pressure  to  help  suppress  cavitation.  A  combination  of 
these  boundary  conditions  was  needed  in  order  to  obtain  the  best  results. 
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QUADPAN  solution  on  final  streamlined  strut 


CO 

O  CO 
■D 

o  o 

-Q 

O  ^ 
0) 

4=  CO 
CD  3 

E  0 

E  -Q 
>.  0 
W  Z5 

if 
5  g 


.B>i2  ■? 

SB  ® 

£  8  |s 

^  3  "O  ^ 

£  «  c  £ 

.£  S  .2  <D  p 

4-»  O  C 

«  ‘fc  .9  c  O) 
'— '  ^  ‘fc  5  ® 

2  •  2  O  ^ 

N  «  o  '«  8 

O  —  c 

*-  <0  CO  CO 

CO  f  2  1  c 

•£  CO  .2  ® 

0  -p  cC  D)-§ 

O 

§§.’£§£ 
°  ^  c  I  8 
®  r  ^ 

-Q  o 

E  £  I  0  £ 

o  0  e 

0)  2  -a  :c  ^ 

£  m  C.2>  — 

JC  1=  §  T> 

.t;  CO  o)  5  c 

5  w  CO  0 

?||I- 

S  Q  =  2  B 


S  ^  -o 

9  Q-®  B 

q:C0  E  -g  3 
0  0  0-^0. 


Q.^-*  Co  =3 

0  0  2*"2- 
0  i  ^  c  E 

i  ^  ^  I  8 

■5.  0  •“  O  ® 

8  "O  CO  O 

X  ^  'co  - 

r  §  «  ®  p 

ll§ll 

illl^ 

g  -2  .2  E  ^ 

^  I  i 

w  £  T3  >,  « 
^  ^  8  §  ==0 

1  "■  S  S I 

^  ?  s  s  < 

r  ®  o  8  ^ 

O  ^  o  CO 
=  2  «  ^  2 
<  Q.  0  ^  0 


VsP  CO 

^  I- 

O  ^ 

^  4-» 

^  o 

p 


X  c 

®  §1 
&i  g 

2  2  5 
2|>S’ 

0  o  0 
0^3 

■  0  a>^ 

C  C  0) 

|1 1 

£  0  2 

£  E  E 

333 

i  i  i 

c  c  c 


0  >  O 
•■e  c  -5- 


=)  --  -I  « 

2  CE  ^  .  -O 

2  LU  :  -o 

Q  2  ^  p  § 

< 9 ® 

P  9^-0  “  -i 

^  =  o  :  -  c 

<?-«■«<  i 


-ft 

5  <  9- 

«o  II 

O  ^  TJ 
C  Q  O 

®  O  £ 

CIO) 

o  I-  E 

Z  LJJ 


P  "  i 

il  oto 
0)  ’co  -5 

^  CD  ^ 
^  >  O 


■D 

O  I  I  I  I  I 

DQ 


CM  CO  Tt  I— 


‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  NOO0 14-99-3-00 10 


Body  -  Design  Rules 


FinaLReporl_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-001 0  120 


Havelock’s  Solution  for  Wave  Drag  of  Submerged  Ellipsoid 
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Mutual  Interference  Effects  for  Catamaran 
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Cavity  Ship  Design 
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Catamaran  Cavity  Ship  Design  (no  struts) 
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Catamaran  Cavity  Ship  Design  (no  struts) 
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Catamaran  Cavity  Ship  with  Struts 
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Structures  Objectives^  Approach,  and  Methodology 
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Pertains  to  those  trade  studies  following  the  initial  trade  study _ 
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Propulsion  System  TPM’s  and  Sizing 
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Propulsion  System  Sizing  Process 
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Definition  of  Efficiencies-Propuisive 
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Definition  of  Efficiencies-Propuisive 
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Definition  of  Efficiencies-Component  &  Net 
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Disk  Loading  and  ideai  Momentum  Theory 
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Disk  Loading  and  ideai  Momentum  Theory 
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and  provided  the  following  starting  point! 
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Disk  Loading  and  the  Beam  Constraint 
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Disk  Loading  and  the  Beam  Constraint 
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Disk  Loading  and  the  Beam  Constraint 

Idealized  Horsepower  Absorbed  by  Propeller  System  as  a 
Function  of  Disk  Loading,  T/A.  (Disk  Loading  computed  @ 
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Historical  Data  -  Mass  Properties 
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Historical  Data  -  Mass  Properties 
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Historical  Database  with  respect  to  Disk  Loading  developed 
using  flight  weight  hardware.  The  VTOL/STOL  Database  does  not 
account  for  the  higher  structural  weight  fraction 
of  this  class  of  aircraft  or  in  this  case  how  it  applies  to  SWBS. 


Historical  Propulsion  Mass  Properties 
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GE  LM  Gas  Turbine  Family-Mass  Properties 
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System  Weight  Includes:  Coalescing  Inlet,  Base  /  Enclosure 
and  Auxiliary  Support  System  (lube  oil  conditioning, 
fire  protection,  control  system) 


GE  LM  Gas  Turbine  Family-Output  Comparison 
LM6000  LM2500  LM1600 
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GE  LM  Gas  Turbine  Family-Mass  Properties 


J  ^ 


and  LM2500+  are  very  comparable,  however  as  previously  shown 


GE  LM  Gas  Turbine  Family-Performance 
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is  a  significant  difference  in  Brake  Specific  Fuel  Consumption 


GE  LM  Gas  Turbine  Families-Efficiency 
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GE  LM6000  Air-Coupled  Options 
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GE  LM6000  Air-Coupled  Options 
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Drive  Shaft  Torque  Requirement  Assessments 
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Drive  Shaft  Torque  Requirement  Assessments 
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Drive  train  requirements  depend  input/output  peak  torque  vaiues. 
Higher  shaft  speeds  keep  torque  iower  and  wiii  minimize  weight. 


Drive  Shaft  Material  Properties  Assessments 
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Loading  assumed  steady  using  a  Safety  Factor  of  2! 


Input  Shaft  RPM 

Tie  Composite  Shaft  offers  a  significant  weight  savings 


1 1/99  Baseline  -  Propulsion  Issues 
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1 1/99  Baseline  -  Propulsion  Integration  Issues 
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1 1/99  Baseline  -  Propulsion  Technology  Issues 

“Knee”  in  the  TSFC  curve  due  to  the  200’beam  propulsion  integration  constraint. 
Location  of  the  “knee”  is  dependent  upon  in-going  assumptions  database  quality/depth 

and  analysis  method  fidelity! 
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Propeller  and  Pitch  Control  -  HP  Loading  /  Diameter  beyond  Current  State-of-the-Art. 
Analysis  Methods  -  Thrust-minus-Drag  Prediction  Accuracy  is  dependent  upon 
the  availability  of  quality  test  data  and/or  calibrated  analytical  tools. 


Propulsor  Integration  &  Performance  Analysis  Process 
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Air-Coupled  Propulsors  Investigations 
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Propeller  Performance  Analysis-Forward  Flight 

Propeller  Operating  Characteristics 
Advance  Ratio,  J=  0.0  to  0.63=V/nD 
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200  Foot  Beam  Sets  Maximum  Available  Thrust 
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Revised  Axial  Air-Coupled  System  Weights 
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to  Balance  Engine  Out  Thrust  Losses.  Outboard  systems 
may  be  placed  on  deck  swivels  for  beaching/docking. 


Disk  Loading  and  TSFC-Baseiine  32’  Props 
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Axial  Propeller-Performance  Analysis  Risks 
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Transverse  Fan  Incorporates  Design  Constraints 
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NOllSSENTiAL  FOR  FAN  OPERATION 
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Transverse  Fan  Performance  Based  on  Test  Data 
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Transverse  Fan  Diameter  Impact 
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Alternate  Propulsion  Method-Transverse  Fan 


H-  cn 
CD  ^ 


“IS 


T3  w  N 

2?  g 

■a  ^  c 

w  Q-'S 
3  o  § 

0  O  ^ 

>  m  c 

>  CO  — 
(/)  1-  0 

CO  i_  o 

ir  0)  t! 
c  ^  “S 
®  o  ® 

^  CD  g- 
co  x:  0 
(0  2- 
O)  c  x: 

o  o  .-g 

O  (0  5 

O  OS  ^ 
^  CO 


FinaLRepo  rt_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-001 0  303 


Alternate  Propulsion  Method-Transverse  Fan 
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Alternate  Configuration  Integration-Transverse  Fan 


Transverse  Fan  Mass  Properties  Assessment 


_ Fan  Drum  Diameter  -  Ft. _ 

Transverse  Fan  Segment  Weights  were  estimated  in  the  iate 
1970’s  with  30%  soiid  Ti  Biades.  Current  assessment 
makes  use  of  graphite-epoxy  strengths  and  densities. 


Transverse  Fan  Development/Analysis  Risks 


C 

c  ;i= 

o  o 

+=  TJ 
CO  1. 
U)  0) 
'ip  Ip 
(0  d) 

o  n 


(0  (0  CD 

>  §■  CO 

i  1  ° 

—  (0  w 


I-  p 

^  w 


V  o 
p  o 


1-  CM 


FlnaLReport_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-0010  307 


Water-Coupled  Propulsors  Investigations 
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Water-Coupled  Propeller  Performance 
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Water-Coupled  Propeller  Performance 
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Water-Coupled  Propeller  Integration 


Variable-Pitch  Screw  - 
11.5  ft,  Dia.,  500  RPM 


Hydrofoil  Vessel  -  4,000T  -  Water  Screw 
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Propeller  Alternate  Integration-Stern 
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Propeller  Alternate  Integration-Dedicated  Pod 
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Water-Coupled  Propeller  Integration  Impact 
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Water  Jet  Integration  -  Pump  Characteristics 
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Water-Coupled  Propulsors  -Water  Jets 
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Water  Jet  Integration  -  Pump-In-Strut 


Inlet,  Transition  Duct  and  Pump  Translate  with  Foil 
Powerplant  Remain  Fixed  in  Hull 


Hydrofoil  Vessel  -  4,000T  -  Jet  Pump 
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Water  Jet  Integration  -  Pump-ln-Tail 


Inlet,  Transition  Duct  and  Pump  Rotate  with  Foil 
Powerplant  Remain  Fixed  in  Hull 


Water  Jet  Integration  -  Pump-In-Strut  Impact 


o 

& 

a 

c 

q> 

E 

o 


I 

3 


3 

a: 


■3 

q> 

s 

u 

5  <u 

«  £ 

£ 

§ 

c 

0 


£ 

q> 

3 

Q 


o  5 

!g£ 

iu  £ 


FinaLReport_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-001 0  326 


Si  c 

az  0) 

®  s- 

-g  « 


T3  -Q 

B  O 


C  ^ 
m 

0 

iD  .E 
^  C  ' 

|i: 

Q-  0 

•as 

is  CJ). 

^  .JO  . 

O  0 

-C  -ts 

■!-•  TO  . 

. 

§  o  ' 

k>.  4Mrf 

O  0 

is  0 

2  o). 

"O  w 

X  ^1 


O  "O 

H— *  ^ 

O  CO 
cO  ^ 

E  0 

it 

I-  a 


0  o 
o  ^ 
CD  .1=; 
0  c 
£  o 


^  o 
0 

1-  Q- 

>1 

-D  0> 


vO  ^ 

^  5? 

00 

^  Q- 

O  0 
■^  > 

->9  S 
^  c  ^ 
CM  0 

E  ®  0 

2  I  .£ 

S  ^_£ 

«  o"  -3 
w  9- 

•  O  T3  « 

—  0  o 

ill 

CL  0  .£ 

CD  -Q  0) 


O  ^  O 

1-  TT  ^ 

0  ^  -g 
>  .b  0 


FinaLReport_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-001 0  327 


fon  -  Pump-ln-Hull 


Multidisciplinary  Assessment 


\Nater  Jet  Integration  -  Pump-ln-Hull  Impact 
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Inlet-to-Nozzle  Head  Differential  (ft) 


Water  Jet  Integration  -  Pump-ln-Hull  Impact 
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\Nater  Jet  Integration  -  Pump  In  Body  w/ Ingestion 
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Water  Jet  Integration  -  Pump  In  Body  w/ Ingestion 


Powerplant,  Inlet,  Body  and  Pump  Translate  with  Foil 


Momentum  Deficit  ingestion  impact 
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Water  Jets  with  Momentum  Deficit  ingestion 
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Water  Jets  with  Momentum  Deficit  ingestion 


Ingestion  Velocity  Ratio  -  VWo 


General  Pump-in-Body  Integration  Considerations 
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General  Pump  Performance  Considerations 
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Efficiency  Maximum  is  Set  Near  Maximum  Desired  Speed 
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Thrust-Minus-Drag  Bookkeeping  Considerations 
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I  Pump  Control  Volume-  Treated  as  a  “Black  Box”  device. 
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Thrust-Minus-Drag  Bookkeeping  Anaiysis  Components 


Spillage  Drag  Increment  for  AoAo 
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Power  Setting  Criteria  Dependant  on  integration 
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Thrust  Variation  with  Speed  and  Power  Setting 

Impact  of  BL  Ingestion 

1.4  JVR,  50KHP  LIM6000 
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Reduction  in  Ram  Drag  elevates  overall  Installed  Thrust 


Fuel  Flow  Variation  with  Speed  and  Power  Setting 
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Gas  Turbine-to-Pump  Gear  Reduction  Option 


Planetary  system  reduces  final  gear  face  pressures  by  ratio  of  planets. 
Torque  multiplication  factor  Is  reduced  by  distribution. 


Water  Jet  Integration  -  Pump-In-Body  Design  (BOR) 
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Water  Jet  Integration  - 
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Fuel  Flow  Variation  with  Speed  and  Power  Setting 
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Payload  Range  at  Full  Drag  -  Propulsion  Comparison 


Payload  Range  at  25%K2  -  Propulsion  Comparison 
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Propulsion  System  Summary 
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Statistics  and  compiiation  received  from  A.  Eiiinthorpe 
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Hydrofoil  Baseline  Vessel 
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Hydrofoil  Baseline  Vessel  -  Foil  Retraction  Scheme 
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Hydrofoil  Baseline  Vessel  -  CSC  Advanced  Marine 
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Estimated  Vessel  Weight  -  CSC  Advanced  Marine 
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FULL  LOAD  CONDITION  6,862 


Estimated  Vessel  Weight  -  Hull  Structure 
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Estimated  Vessel  Weight  -  Propulsion  Systems 
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Estimated  Vessel  Weight  -  Electric  Power  Systems 
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Estimated  Vessel  Weight  -  Command  &  Control  Systems 
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Estimated  Vessel  Weight  -  Auxiliary  Systems 
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Estimated  Vessel  Weight  -  Outfit  &  Furnishings 
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Hydrofoil  Vessel  -  Concept  II  Alternate 
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Hydrofoil  Vessel  Refinement 
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Hydrofoil  Vessel  Refinement  -  CSC 
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Hydrofoil  Vessel  Refinement  -  Beaching  Huil 
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EDET.IN 


*  TTILE  CARD 

SYNTHESIZE  TRAINING  EXAMPLE  PROBLEM 

* 

*  KEYWORDS  FOR  SYNTHESIZE 


*  CLMAXO  1.5 

* 

*  CLMAX30  1 . 8 

*  CLFLP30  0.0 

*  CDFLP30  0.0050 

*  CMFLP30  -0.01 

* 

*  CLMAX60  2 . 7 

*  CLFLP60  0.8 

*  CDFLP60  0.0500 

*  CMFLP60  -0.50 

* 

*  WEIGHT  200000. 

*  IXX  35000000. 

*  lYY  180000000. 

*  IZZ  500000000. 

* 

*  OFFSET  MACH  0.3 

*  OFFSET  CL  0.0 

*  OFFSET  CD  0.0 

*  OFFSET  Cm  0.0 

*  OFFSET  CnBETA  0.0 

* 

*  ENTER  DATA  IN  FIELDS  OF  10.  MARKS  ARE  IN  TENTH  LOCATION. 

*  I  I  I  I  I  I 

*WING  T/C  AR  SWEEP  %  CAMBER  SREF  TAPER 

.12  8.00  20.0  0.0  1800.  .5 

*BODY/SPAN  SPI  SBASE  BODY  L/D 

0.10  115.  10.  10.0 

*MODE  ALTITUDE  RN/FT  TECHNOLOGY 

1.  30000.  1.  2. 

*NAME  SWET  LENGTH  L/D  OR  T/C  TRANSITION  X/C 

*  I  I  I  I  UPPER  I  LOWER  I 

WING  3600.  15.  .12  0.  0. 

FUSELAGE  4200.  120.  10.0  0.  0. 

TAIL-HORZ  760.  10.  .12  0.  0. 

TAIL-VERT  410.  10.  .12  0.  0. 

NACELLES  (2)  800.  10.  6.0  0.  0. 

PYLONS  (2)  300.  8.  .10  0.  0. 


* 

*FIXED  COMP  NAME  |  DELTA  CD| 
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Requirements  from  DARPA  Study 
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Addition  Design  Data  Required 
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Hydrofoil  Sustention  System  Design  Space  Defined 
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Hydrofoil  Sustention  System  Design  Space  Defined 
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and  is  related  to  Wing  Loading/Aspect  Ratio 
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and  is  related  to  Wing  Loading/Aspect  Ratio... 
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UD  and  von  K  Efficiency  Estimates 
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LA)  and  von  K  Efficiency  Estimates 
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UD  and  von  K  Efficiency  Estimates 
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Optimum  Size 

First-Principles”  Sizing  Exercise  shows  existence  of  “Optimum”  Ship  Size 

-  Fixed  Weight  Fraction  (FWF)  is  an  Independent  Variable 

-  Increasing  ship  size  leads  to  :  declining  L/D  and  increasing  TSFC  (for  air  coupled  propellers). 

-  Payload  fraction  declines.  Absolute  Payload  reaches  peak  at  intermediate  vehicle  size. 
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Optimum  Size  (cant’d) 

First-Principles”  Sizing  Exercise  shows  existence  of  “Optimum”  Ship  Size 

-  Compare  representative  design  from  paper  with  “Theoretical  Limit”  design  {k2=^%,  t/c=^%,  FWF=50%) 
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Performance  Limitations  on  Range 
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Performance  Limitations  on  Range 
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Required  Fuel  Fraction,  FF,  for  Design  Range,  R,  as  a  Required  Fuel  Fraction,  FF,  for  Design  Range,  R=6000nM  as 

function  of  Hydrodynamic  Efficiency ,  (L/D),  and  Design  ^  Function  of  Hydrodynamic  Efficiency,  (I/D),  and  Thrust 

Range.  rSFC=0.12-lb/lb-hr.  y=70-kts.  Specific  Fuel  Consumption,  TSFC.  y=70-kts. 


von  Karman  Efficiency  and  Range 
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Effect  of  Fuel  Consumption  on  Mean  UD 
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Effect  of  Fuel  Consumption  on  Mean  UD 
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Effect  of  Wingspan  on  UD 
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Theoretical  Limits  to  Wing  Loading 
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Theoretical  Limits  to  Wing  Loading 
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Practical  Limits  to  Wing  Loading 

Practical  Wing  Loading  less  than  Theoretical  Maximuni _ 

Wing  Loading 
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Drag  Component  Decomposition 
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Drag  Component  Decomposition 
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Drag  Component  Decomposition  (cont’d) 

Recall  that  Dimensional  Drag  sizes  Powerplant 

—  dimensional  induced  drag  function  of  span  and  weight,  not  W/Smax! 
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4KT  Hydrofoil  Take-Off  Thrust  Requirement 
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4KT  Hydrofoil  Take-Off  Thrust  Requirement 
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4KT  Hydrofoil  Propulsion  System  Summary 
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4KT  Hydrofoil  Propulsion  System  Summary 
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Hydrofoil  SWBS  -  CSC-based  Assessment 
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Hydrofoil  Sizing/Synthesis  Closure 
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Hydrofoil  Payload  Range  Conundrum 
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Mixed  Buoyancy  Range  Equation 
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Mixed  Buoyancy  Range  Equations  (conVd) 

The  overall  range  of  the  vehicle,  is  the  sum  of  the  range  under  static+dynamic 
lift  flight  and  the  range  under  static  lift  flight. 
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Drag  of  Fully  Submerged  Buoyant  Bodies 
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fag  of  Fully  Submerged  Buoyant  Bodies  (conVd) 
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Mixed  Static/Dynamic  Lift  Vehicles  at  4000  T 
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Mixed  Static/Dynamic  Lift  Vehicies  at  4000  T 
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Mixed  Static/Dynamic  Lift  Vehicies  at  4KT  (cont’d) 


FlnaLReport_06/26/02 

“A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-001 0  498 


Mixed  Static/Dynamic  Lift  Vehicies  at  4KT  (cont’d) 
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Mixed  Static/Dynamic  Lift  Vehicies  at  4KT  (cant’d) 
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Ixed  Static/Dynamic  Lift  Vehicles  at  4KT  (cont’d) 
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Mixed  Static/Dynamic  Lift  Vehicies  at  Varied  AUW 


0 

O 

C 

0 


_C0 

O 

o 

V— 

■D 


0  Q 


0  Ql 

o  In 

•;=  0 


0  c 

C  0 

>'  E 

o  ^ 
E  o 

■Q  0 

^  Q- 
-n  0 

0 

OC/) 

0  = 
0  0 

E 

Q_  0 

!c  0 
CO  c 
=  0 
O  £ 

O 


■D 

>» 


0 

D) 

C 

0 


0  0 
r" 

E  0 

0  0 

<  ^ 

I 


0 

0 

0 

0 

0 

O 


0  < 

<  H 

5  ^ 

W8 

•5 

Q  c 

^  2 
0  0 
N  >- 

0  0 

^  o 
.E  0 
0  0 
0  p 

E6 

.E  0 

r-  -b! 
^  0 

O) 

0  -E 
0  0 

C  0 

=  0 

^  o 
0  ^ 

■o  .E 


FinaLRepo  rt_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-001 0  502 


Drag  Sources  for  the  Varied  Vessel  Type 


QUADPAN/POINTER  Performance  Roll-Up 


Hydrofoil  Structural  Sizing  Results 


Maximum  theoretical  zero-payload  range  =  6767  nautical  miles  (FWF  =  45%) 
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Hydrodynamic  Efficiency  -  Summary 
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Hydrodynamic  Efficiency  -  Summary 


Drag  Values  Determined  Using  1^*  Order  Methods 

Fjnal_Report_06/26/02 


This  information  must  be  combined  with  the  %AUW  of  the 
sustention  system  to  find  the  Optimum  Strut  Thickness 

for  a  given  range. 


Port  Depth*  as  a  Design  Constraint 


Line(s)  =  Gaussian  Distribution;  mean  =  9.0  m;  3.55  m 


SWAMCH  Body  Design  Comparison 


QUADPAN/POINTER  results  for  the  varied  body  design  drags  were 
calcuiated  as  a  function  of  Froude  Number  and  referenced  to  length*' 


SWATCH  Body  Displacement  Comparison 


QUADPAN/POINTER  results  were  curve  fit  and  the  varied  displacement  drags  were 
calculated  as  a  function  of  Froude  Number  and  referenced  to  length**2. 


Inviscid  Hydrodynamic  Efficiency  -  Varied  Designs 

Ship  Lift-to-Inviscid  Drag  Ratio 
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Hydrodynamic  Efficiency  -  Varied  Designs 

Ship  Lift-to-Drag  Ratio 

Full  Skin  Friction,  1.5%  t/c  SWATCH  Struts,  P29TA12  Bodies 
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Karman  Efficiency  -  4KT,  12KT  &  31.5KT  SWATCH 
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Karman  Efficiency  -  40KT,50KT  &  60KT  SWATCH 


a/iA 


the  larger  ship  is  favored  as  with 
its  higher  volumetric  efficiency. 


Karman  Efficiency  -  60KT  &  80KT  SWA  TCH 
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Operation  may  be  possible! 


Karman  Efficiency  -  4KT  and  12KT  Hydrofoiis 
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Karman  Efficiency -12KT  Cat  and  Mono  SWA  Cavities 
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hydrodynamic  Efficiency  -  Comparison 
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Hydrodynamic  Efficiency  -  Comparison  w/  VDR 
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Thrust  Required  -  31.5KT  SWATCH 

31.5KT  Ship  Total  Drag  vs  Available  Thrust 

P29TA12  Bodies,  1.5%  t/c  Struts 


FinaLReport_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N00014-99’3-001 0  523 


structural  Efficiency  -  Varied  Designs 
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Strut  Thickness  -  Payload  Range  Impact,  4KT 


The  %AUW  of  the  sustention  system  was  used  to  find  to  the 
Optimum  Strut  Thickness  at  a  seiected  range  and  drag  reduction  ievei 


strut  Thickness  -  Payload  Range  Impact,  4KT 
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Strut  Thickness  -  Payload  Range  Impact,  12KT 
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strut  Thickness  -  Payload  Range  Impact,  12KT 
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Comparison  of  the  Mission  Sized  Struts 
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SWATCH  (catamaran)  had  an  additional  weight  advantage 
with  the  roll  control  system  removed. 
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SVKBS  Comparison  -  Top  Level  Breakout 
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4KT  SWBS  Comparison  -  Revised  Assessment 
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the  above  water  structure.  Payload/Fuel  and  the  Sustention 
mass  properties  were  a  faiiout  of  the  design  synthesis  process 


CSC-based  SWBS  values  were  used  and  linearly  scaled  for 
the  above  water  structure.  Payload/Fuel  and  the  Sustention 
mass  properties  were  a  fallout  of  the  design  synthesis  process 


Design  Comparison  -Assessment  in  Tons 
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SWAxCH  vs.  Hydrofoil  Sizing  Comparisons 
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SWAxCH  vs.  Hydrofoil  Sizing  Comparisons 
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SWAxCH  vs.  Hydrofoil  Sizing  Comparisons 
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SWAxCH  vs.  Hydrofoil  Sizing  Comparisons 

Payload  vs.  Range  for  SWATCH  Designs  -  25%K2  (25%Viscous  Drag) 
P29TA12  Cavity  Bodies,  1.5%  t/c  Struts,  w/  Interference  Effects,1.4  JVR  Pumps 
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50KT  SWATCH  Strut  Sizing  Comparisons 
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50KT SWATCH  Strut  Sizing  Comparisons 
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Thrust  Required  -  50KT  SWATCH  1.5%Struts 

50KT  Ship  Total  Drag  vs  Available  Thrust 

P29TA12  Bodies,  1.5%  t/c  Struts 
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Thrust  Required  -  50KT  SWATCH  1.5%Struts 

50KT  Ship  Total  Drag  vs  Available  Thrust 

P29TA12  Bodies,  0.75%  t/c  Struts 
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Payload  Range  at  Full  Drag  -  4KT  Summary 
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Payload  Range  at  25%K2  -  4KT  Summary 
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Payload  Range  at  Full  Drag  -  Propulsion 
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Payload  Range  at  25%K2  -  Propulsion  Comparison 
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Notional  Design  Requirements 
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Design  Problem 
Two  Modes  of  Support 
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Hull  Form  Trade-off  Results 
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Hull  Form  Selection 
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Notional  Configuration  Phase  I  Concept 
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Estimated  Vessel  Weight  Phase  I  Concept 
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FULL  LOAD  CONDITION  6,862 


Significant  SWBS  100  Weight  Eiements 

-  Shell  Plating  (61 5T) 


(0 

S 

5> 

s, 

CO 

c 

.O 

•2 

rs 

I 


C/) 

v_ 

(/)  Q 

i*-  _(/) 

^  -JC  ^ 

O  *  Q. 

C  o 

c  H  ^ 

0)  O  Q- 

IIJ  n 

sz  o)  ^ 
Boo 

0)  CO  0 

8  2=5 

CM 

tn 

S 

s  o  ■ 
g  ^  o 

(0  ^  § 

^  CO 
C  CD  ^ 
CO  C  3 

•2  1« 

c  ^  * 

■S’ 7 

(0  ' 


CO 

E 

0 

0 

>. 

0 

0 

O 


t  £ 


CD 

in 


0 

0 


0  "D 

E  ^ 


0 


0 


0  0 

o  2 

0  — 
^  0 
3  13 

-J 


i  I 


FinaLRepo  rt_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-001 0  561 


I — 

CM 

I— 

^  CM 


LU  H 

-C  lO 

o>  ^ 

■55  ^ 

O  0$ 

o  o 

CO  c 

0)  .0 

g  ^ 

^  :9 

«  ^ 

c 

«8  ^ 


2  ® 

c  £ 
g  .9- 

B- 

Q  0) 

§  § 

Q.  w 

S  § 


=  O 

E  a. 


CO  CD 

.9-  g 
^  o 
CO  0. 

I  I 


FinaLReport_06/26/02 

“A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-001 0  562 


FinaLReport_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-001 0  563 


Significant  SWBS  500  Weight  Elements 


P.E 

S  V. 

s  8 

I 


E  g 

■2  J 

CO  O) 
>»  0 

^  0 

=  > 

M—  CO 

T3  ^ 
C  0 
CO  W 

CO  O 

3  ^ 


:§  ^ 
v2, 

S  B 

^  00  CO 

^  ^  S' 

E  E  ^ 

B  B  % 

CO  (0 

O  C 

I  8  8 

E  CO  CO 

CO  Q-  CL 
^  CO  CO 

o  o  o 

D)  D)  D) 
^  ^  ^ 

CO  CO  CO 

O  O  O 


I — 

CD  ^ 

:::^  h 

E  ^ 
0  o 

(f>  < 

O  >'  > 

m  X 

S  c  « 

E  5  o 

^  2  §. 

(/)  -^  (/) 

^  ^ 
•|  s 

2  .E  cd 

E  ^ 

CD  2  -Q 
.i=  £  CO 


I  I  I  I  I 


Final_Report_06/26/02 

‘A  Multidisciplinary  Assessment  of  the  Hydrofoil  Concept  for  Fast  Ships”  N0001 4-99-3-0010  564 


Cargo  Handling  Systems 
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Outfit  &  Furnishings 
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Issues  Identified  by  the  Phase  I  Concept  Design 
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Notional  Configuration  for  Phase  II  Concept  Design 
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Estimated  Vessel  Weight  Phase  II  Concept 
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Phase  II  Concept  Results 
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Phase  III  Design  Particulars 
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Weight  Changes  Phase  II  to  III 
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Phase  III  Weights 
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Fixed  Weight  is  53%  of  Full  Load  Weight.  56%  of  4000T 


Phase  III  Hull  Resistance 
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Beaching  Problem 
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Beaching  Concept  Design 


Seakeeping  /  Slamming  during  takeoff,  landing,  and  on  foil 
Resistance  during  takeoff  and  landing 
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